THE problem of the oxidative destruction of vitamin A attracted the attention of the earliest workers upon the fat-soluble vitamins and has retained its interest on account of its bearing upon methods of handling and preserving materials containing vitamin A. Observations on the oxidation of vitamin A have generally been made at high temperatures, with the result that at first some confusion arose between the effects of heat and of oxygen upon the vitamin. A wide divergence of opinion among the early workers resulted [cf. McCollum and Davis, 1915; Osborne and Mendel, 1916; Steenbock, Boutwell and Kent, 1918], some holding that heat alone and others that oxidation alone was the cause of the observed destruction of the vitamin. This confusion was cleared up on the simultaneous appearance of papers by Hopkins [1920] and Drummond and Coward [1920]. Hopkins confirmed the findings of Osborne and Mendel [1916] that the vitamin A contained in butter is "relatively resistant to heat...but this factor is rapidly destroyed by exposure to atmospheric oxygen at temperatures from 150 to 120°." The same conclusion was reached by Drummond and Coward using different experimental methods. Thus it was definitely established that under certain conditions high temperatures have little destructive effect upon vitamin A in the absence of oxygen, and that oxidation actively destroys the vitamin both at high and low temperatures.
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It was not possible at that time to obtain more than a qualitative demonstration of the oxidative destruction of vitamin A because the only available method for the estimation of the vitamin was the biological assay, and to follow the course of the oxidation quantitatively by this assay would require very large numbers of animals. The first quantitative data concerning the oxidation were in consequence not obtained until a chemical method for the estimation of vitamin A had been introduced. Wokes and Willimott [1927] , employing the arsenic trichloride and antimony trichloride reagents for the estimation, demonstrated the rapid destruction of the vitamin A of cod-liver oil when the oil was aerated at temperatures from 880 to 1250, and obtained a figure for the temperature coefficient of the oxidation. They also showed, in accord with the results of Hopkins and of Drummond and Coward described above, that the destruction of the vitamin at these temperatures was very much slower when the cod-liver oil was kept in tubes loosely plugged with cotton wool, without aeration or agitation.
Since the appearance of the paper by Wokes and Wilimott little mention of the oxidation of vitamin A in solution is to be found in the literature, but the oxidation of the vitamin when adsorbed by fine powders has attracted attention. Dunn [1924] observed that the vitamin A of cod-liver oil was destroyed by mixing the oil with granulated starch and storing it in dark corked bottles. Marcus [1931] extended this observation by mixing a vitamin A concentrate with various fine powders and following the destruction of the vitamin by the antimony trichloride estimation. His results were in harmony with the idea that the destruction observed was due to oxidation of the vitamin by occluded oxygen at the surface of the particles, although the evidence is by no means conclusive.
At the present time it is generally agreed that although vitamin A is not destroyed by heat alone it is very labile and very readily oxidised. The writer has already shown in a preliminary communication [Dann, 1931] that this opinion requires strict qualification. Full details of the observations leading to this view are presented below.
Evidence that vitamin A is not always labile and easily oxidised. Smith and Hazley [1930] during an investigation of the antimony trichloride reaction of vitamin A were led to state that "It appears that the chromogen is more stable than has sometimes been supposed," although they failed to realise that it can resist the action of oxidising agents under certain conditions. There has however long been evidence of the considerable stability of vitaminA under some conditions in the recognition that saponification of liver oils followed by ether extraction of the soap solutions in the preparation of vitamin A concentrates causes little or no destruction of the vitamin. This demonstrates its stability (a) in alkaline alcoholic solutions at high temperatures, and (b) when dissolved in ether, which is an active oxidising agent unless specially purified immediately before use.
Cady and Luck [1930] found that the vitamin A of cod-liver oil shows marked stability and is not rapidly oxidised when treated with hydrogen peroxide. They emulsified cod-liver oil in an aqueous solution of hydrogen peroxide and observed that after 18 days at room temperature only partial oxidation of the vitamin A had occurred. Evidence of the stability of the vitamin A contained in butter is afforded by the work of Scheunert [1931] 1. The oxidation of vitamin A by aeration in different solvents. The source of vitamin A for all the experiments described in this section was a crude cod-liver oil concentrate which gave a colour reaction of about 100 blue units per mg. with the antimony trichloride reagent. In following the course of oxidation of the vitamin in a given solvent the following procedure was adopted throughout. About 150 mg. of the concentrate were transferred to a 100 cc. round-bottomed flask and weighed. The calculated weight of solvent was added to produce a solution containing 1 % by weight of the concentrate, and the flask warmed and shaken until the concentrate had dissolved. A 1 cc. sample of the solution was withdrawn by pipette and its vitamin A content measured colorimetrically. The flask was fitted with a stopper bearing a reflux condenser and a narrow inlet tube reaching to the bottom of the flask; the condenser was clamped in position over a water-bath so that the boiling water reached the neck of the flask. Through the inlet tube was passed a quick current of air which had been dried in a calcium chloride tube and filtered through glass-wool. At intervals a 1 cc. sample of the solution was removed by pipette and its vitamin content estimated. All experiments were performed with the aeration flask in a boiling water-bath and observation showed that the temperature of the solutions remained at 980, except when using ethyl alcohol and ethyl acetate as solvents, when the solutions remained at 78°and 660 respectively.
In order to estimate the vitamin content of each sample of solution, the vitamin was separated from the solvent as described below and dissolved in 2 cc. of chloroform. An aliquot part of the chloroform solution was diluted to 0'5 cc. with chloroform, 2 cc. of the antimony trichloride reagent were added and the colour of the fluid was matched against the standard glasses of the Lovibond tintometer. A standard tube, 1 cm. diameter, was used to Time of aeration In Fig. 1 are collected the results obtained with a number of esters as solvents, and it is evident that there is a great variation in the rate of oxidation of vitamin A when aerated under similar conditions in solutions of different esters, from an oxidation too slow to be measured during 4 hours in ethyl acetate and triacetin to an oxidation so rapid as to be almost complete within 2 hours in ethyl oleate and ethyl stearate. The variation in the rate of oxida-tion of the vitamin when aerated in different acids is much less; oxidation is relatively rapid in all the acids (Fig. 2) . In the alcohols examined, on the contrary, the rate of oxidation is always relatively slow; for three out of the four no measurable oxidation occurred in 4 hours (Fig. 3) . within 4 hours, and fairly rapid oxidation in the natural oils (Fig. 4) . The observations upon ethyl alcohol, cetyl alcohol and 20 % alcoholic potash were repeated over an extended period of 24 hours; no oxidation of vitamin A could be measured after this time when aerated in ethyl alcohol or alcoholic potash, but a considerable oxidation occurred in cetyl alcohol (Fig. 5 ).
The observations recorded above and included in Figs. 1-5 were all made with a single specimen of vitamin A concentrate of rather low potency (1 mg. gave 100 blue units with antimony trichloride) which was chosen as it had remained unchanged in strength over a period of months. These experiments were almost all repeated using a second specimen of concentrate of approximately the same potency but obtained from a different source, with results which were identical within the limits of experimental error.
Some observations of oxidation by aeration were also made using high potency concentrates as source of vitamin A, but the number of experiments performed was limited by the small amount of the concentrates available, and they were therefore confined to the use of one solvent. Ethyl alcohol was chosen on account of the interest of the earlier results with this solvent. Two concentrates were treated, one prepared from pig-liver oil (1 mg. gave 1000 blue units) and the other from turbot-liver oil (1 mg. gave 1250 blue units), and with each specimen no oxidation occurred when the vitamin was dissolved in ethyl alcohol and aerated at the boiling-point for 24 hours.
A further observation with alcohol as solvent was made at a lower temperature using a rat-liver oil concentrate (1 mg. gave 2150 blue units) as source of the vitamin. 100 mg. of the concentrate were dissolved in 10 cc. ethyl alcohol and the solution was stored in a conical flask loosely plugged with cotton-wool, kept at 00. At intervals 1 cc. samples of the solution were withdrawn for estimation of the vitamin concentration and it was found that after 4 months 22 % of the vitamin A had disappeared. Reasons are given below, however, for believing that the observed destruction of vitamin A in this experiment was not oxidative.
The aeration of solutions of cholesterol.
It has been shown [Takahashi et al., 1925] that the rather ill-defined substance called oxycholesterol responds somewhat like vitamin A to a number of chemical tests, and in particular [Rosenheim, 1927] it reacts with antimony trichloride to give a blue coloration. As the vitamin A concentrate used in most of the experiments described above contained some cholesterol, the question of possible interference by oxycholesterol was investigated. If oxycholesterol were formed during the aeration of a solution of vitamin A, the observed rate of oxidation of vitamin A would be less than the true rate of oxidation. Blix and Lbwenhielm [1928] found that pure cholesterol is not transformed into oxycholesterol when dissolved in ethyl alcohol and aerated for a few hours at 60°-70°, but it was thought desirable to extend this observation.
0-2 g. cholesterol was dissolved in 10 cc. ethyl alcohol and aerated at the boiling point of the solution for 24 hours. 5 cc. of the solution were evaporated to dryness and the residue was dissolved in 2 cc. chloroform and tested by adding 0 5 cc. of the solution to 2 cc. of antimony trichloride reagent. No colour was produced. Thus although the test sample contained at least a hundred times as much cholesterol as any of the samples taken in the oxidation experiments described in the last section, no perceptible amount had been transformed into oxycholesterol. This experiment was repeated with 1 % of ethyl oleate dissolved in the alcohol together with the cholesterol, with identical results. As further evidence, the observations upon aeration of vitamin A dissolved in ethyl alcohol, n-butyl alcohol and ethyl acetate were repeated with 1 % cholesterol added to the solutions. The results were identical with those obtained without the added cholesterol.
Thus the observed stability of vitamin A when aerated in certain solvents cannot be ascribed to oxidation of the cholesterol to oxycholesterol capable of exerting a compensatory effect in the colorimetric estimation.
3. The effect of hydrogen peroxide upon vitamin A in alcohol.
The remarkable stability of vitamin A in alcohol to atmospheric oxygen suggested the extension of the observations to some other oxidising agent. Cady and Luck [1930] showed that the vitamin A of cod-liver oil is attacked slowly by hydrogen peroxide in the cold, but a possible criticism of their results may be directed at the ill-defined conditions under which the reaction was studied. The vitamin and the hydrogen peroxide were present in separate liquid phases whose degree of dispersion was unknown and changing. Alcohol as solvent has the advantage that it dissolves both vitamin A and hydrogen peroxide and observations can therefore be made on a homogeneous solution. The following experiment was performed. 137 mg. of a vitamin A concentrate were dissolved in 9 cc. of alcohol and 1 cc. of aqueous hydrogen peroxide (30 % H202 by weight) was added. After stirring, 1 cc. of the reaction mixture was withdrawn by pipette and run into 25 cc. ether. The ethereal solution was washed with water, dried and evaporated; the residue was dissolved in chloroform and its vitamin content estimated. The reaction mixture was allowed to stand at 15°and at intervals further samples were taken. At the end of 24 hours the vitamin content of the solution remained unchanged. Therefore under the conditions described no oxidation of vitamin A by hydrogen peroxide takes place.
B. OBSERVATIONS ON THE OXIDATION OF VITAMIN A BASED ON
THE BIOLOGICAL ASSAY.
1. The stability of vitamin A in alcohol verified by biological tests. Although it is now realised that for dealing with concentrates the colorimetric estimation of vitamin A with the antimony trichloride reagent is quite trustworthy, it is still desirable to check any new result by applying the biological assay for confirmation. In the present study it was out of the question to use the biological assay to follow the oxidation of vitamin A in more than one or two solvents even had this been thought necessary, owing to the large number of animals which would be required. The more important results obtained with the colorimetric estimation were therefore selected for confirmation with the biological assay. The stability of vitamin A in alcohol when aerated at its boiling point or treated with hydrogen peroxide at room temperature, and its stability when aerated in 20 % alcoholic potash at 980 were chosen for repetition. Stability of the vitamin under these conditions was demonstrated by preparing solutions in coconut oil of untreated and of treated concentrates, and comparing the vitamin A contents of these solutions by feeding tests. The solutions were prepared as follows; Solution E. 70 mg. of the concentrate were dissolved in 7 g. ethyl stearate and aerated at 980 for 4 hours. The solution was saponified and the residue dissolved in 21 g. coconut oil. This solution was given in a daily dose of 5 drops to each of four rats taken from the same group as those used in testing the other four solutions. The growth curves are reproduced in Fig. 7 , and it will be seen that the dose of 5 drops was insufficient to support growth or even maintain the weight of the rats. As 5 drops of solution E contains 50/9 as much concentrate as 3 drops of solution A (untreated concentrate) it follows that the concentrate after aeration in ethyl stearate contained much less than 18 % of its initial content of vitamin A. The colorimetric test showed that aeration for the same period under the same conditions reduced the vitamin content of an ethyl stearate solution to 3 % of the initial value. In this experiment therefore the biological test affords a qualitative confirmation of the results obtained by the colorimetric method of estimation. DISCUSSION.
The experiments described above establish definitely that the solvent plays a cardinal part in determining the rate of oxidation of dissolved vitamin A by atmospheric oxygen. This is well illustrated by the data showing the percentage of the vitamin which is oxidised in one hour under similar conditions Dufraisse, 1926] .
The results (obtained with the ordinary grade compounds easily available in the laboratory) bear directly upon questions concerning the concentration and preservation of vitamin A preparations. For instance, it is evidently superfluous to take special precautions to prevent the oxidation of vitamin A during saponification processes, although this has been considered necessary [Drummond et al., 1925; Smith and Hazley, 1930] . The effect of ethyl alcohol in protecting vitamin A from oxidation has already been applied successfully in the treatment of concentrates. Although they deteriorate rapidly in air, if dissolved in ethyl alcohol they appear to escape oxidation completely for days or weeks, without special precautions, and only lose their potency slowly over a period of months. Moreover, some observations on the colour change which occurs in alcoholic solutions of vitamin A when kept for several months suggest the possibility that the destruction of the vitamin in this solvent may not be due to oxidation, but to isomerisation. Further work upon this question is now in progress.
SUMMARY.
Vitamin A is rapidly oxiidised by air when dissolved in some solvents, and slowly or not at all in others. It is particularly stable in ethyl alcohol, alcoholic potash and ethyl acetate. In ethyl alcohol it is also stable toward hydrogen peroxide.
The solvent (or impurities associated with the vitamin or solvent) appears to play a leading part in determining the stability of vitamin A.
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